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Abstract
Background: Evidence on the burden of depression, internet addiction and poor sleep quality in undergraduate
students from Nepal is virtually non-existent. While the interaction between sleep quality, internet addiction and
depressive symptoms is frequently assessed in studies, it is not well explored if sleep quality or internet addiction
statistically mediates the association between the other two variables.
Methods: We enrolled 984 students from 27 undergraduate campuses of Chitwan and Kathmandu, Nepal. We
assessed sleep quality, internet addiction and depressive symptoms in these students using Pittsburgh Sleep Quality
Index, Young’s Internet Addiction Test and Patient Health Questionnaire-9 respectively. We included responses from
937 students in the data analysis after removing questionnaires with five percent or more fields missing. Via
bootstrap approach, we assessed the mediating role of internet addiction in the association between sleep quality
and depressive symptoms, and that of sleep quality in the association between internet addiction and depressive
symptoms.
Results: Overall, 35.4%, 35.4% and 21.2% of students scored above validated cutoff scores for poor sleep quality,
internet addiction and depression respectively. Poorer sleep quality was associated with having lower age, not
being alcohol user, being a Hindu, being sexually active and having failed in previous year’s board examination.
Higher internet addiction was associated with having lower age, being sexually inactive and having failed in
previous year’s board examination. Depressive symptoms were higher for students having higher age, being
sexually inactive, having failed in previous year’s board examination and lower years of study. Internet addiction
statistically mediated 16.5% of the indirect effect of sleep quality on depressive symptoms. Sleep quality, on the
other hand, statistically mediated 30.9% of the indirect effect of internet addiction on depressive symptoms.
Conclusions: In the current study, a great proportion of students met criteria for poor sleep quality, internet addiction
and depression. Internet addiction and sleep quality both mediated a significant proportion of the indirect effect on
depressive symptoms. However, the cross-sectional nature of this study limits causal interpretation of the findings.
Future longitudinal study, where the measurement of internet addiction or sleep quality precedes that of depressive
symptoms, are necessary to build upon our understanding of the development of depressive symptoms in students.
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Background
Prevalence rate of poor sleep quality [1], internet addiction
[2] and depressive symptoms [3] is high among under-
graduate students worldwide. In Nepal, mobile penetration
rate has crossed cent percent while the internet penetra-
tion rate alone has reached 54.34% [4]. However, internet
addiction in undergraduate students from Nepal is not
studied so far but it can be estimated to be highly prevalent
since majority of the internet users are aged 18–24 years
[5], typical age-group of undergraduate students. Likewise,
the proportion of Nepalese aged 18–25 years experiencing
depression is 5.61% [6]; however, depression in Nepalese
undergraduate students is not explored till date. Similarly,
sleep quality in Nepalese undergraduates has not been
studied, but 55.8% of undergraduates were found to have
poor sleep quality in a similar low-resource setting [7].
Overall, the evidence on burden of sleep quality, internet
addiction and depression in Nepalese undergraduate stu-
dents is completely lacking.
An earlier study showed that students with sleep prob-
lems spend more time watching television and surfing
the social networking websites [8]. These students —
who spend greater time in internet — are more likely to
develop depressive symptoms [9]. On the other hand,
internet addict students have higher chance of experien-
cing sleep problems [10]. These students — with sleep
problems — are more likely to develop depressive symp-
toms [11]. These evidences indicate that the interplay be-
tween sleep quality, internet addiction and depressive
symptoms is somewhat complex and can be theorized via
two distinct pathways. In the first postulated pathway,
internet addiction mediates the relation between sleep
quality and depressive symptoms. In the second postu-
lated pathway, sleep quality mediates the relation between
internet addiction and depressive symptoms. Exploring
these pathways and determining which pathway is more
plausible will enrich our understanding of the develop-
ment of depressive symptoms in students. More import-
antly, it will help to understand predictors of depressive
symptoms and aid in devising effective interventions to
stem depression in students.
Interestingly, only a single study has assessed these two
proposed mediation pathways till date [12]. In their study,
Cheung and Wong observed that sleep quality accounted
for 5% of the association between internet use and depres-
sive symptoms while internet use accounted for 12% of
the association between sleep quality and depression; both
mediation pathways being statistically significant. The
study used causal steps approach to arrive at the conclu-
sion that both internet addiction and sleep quality signifi-
cantly mediates depression. Causal steps approach of
testing mediation, however, is reported to have several
limitations. It can lead researchers to a fallacious conclu-
sion with its unnecessarily stringent series of hypothesis
testing and the absence of a formal statistic to quantify the
indirect effect [13]. So, testing if their findings could be
replicated in another population using bootstrap approach
will be helpful in exploring the complex interplay between
sleep quality, internet addiction and depressive symptoms.
Considering the aforementioned gaps, in this study we
focused on answering two research questions. First, we
assessed the proportion of Nepalese undergraduate stu-
dents meeting criteria for poor sleep quality, depression
and internet addiction, and explored their correlates.
Second, we investigated the proposed mediation models
using bootstrap approach: if internet addiction statistically
mediated the association between sleep quality and de-
pressive symptoms, and also if sleep quality statistically




This cross-sectional study was conducted in 27 under-
graduate campuses in Kathmandu and Chitwan districts of
Nepal. These are two of the districts having very high
number of campuses per district according to the Univer-
sity Grants Commission Report [14]. Kathmandu district
is the national capital and the largest metropolitan, and
Chitwan is another district located 146 km west of
Kathmandu in the southern plains.
Student recruitment
In our study, we enrolled 984 undergraduate students
considering a power 0.85, α 0.05, effect size 0.01 and
non-response rate 8%. First, we selected Kathmandu and
Chitwan districts purposively. Second, we randomly se-
lected 27 campuses in proportion to the total number of
campus in each district: 7 from Chitwan and 20 from
Kathmandu using the sampling frame obtained from the
University Grants Commission. Third, from the class-roster
available on the day of data collection at each selected
campus, one class was selected randomly. Fourth, we
invited all students in the selected classroom to participate
in this study and collected data using self-administered
questionnaires. Data collection was carried out in between
September and November 2015.
Measures
The questionnaire, originally developed in English, con-
tained questions on students' characteristics, sleep quality,
internet addiction and depressive symptoms. The ques-
tionnaire was translated to Nepali and back-translated into
English independently to make sure the original meaning
remains unchanged. The questionnaire was pretested in
20 undergraduate students of public health, who were not
the part of final survey. The internal consistency of final
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translated questionnaire, in this study population, was
assessed with Cronbach’s α.
Students’ characteristics
Information on age, sex, caste, religion, marital status,
family size, employment status, tobacco use, alcohol use,
sexual activity, academic performance in previous year,
study year, campus type and study shift was obtained
from the students. These variables, selected after litera-
ture review [1, 3, 15], are not an exhaustive collection of
correlates but include major correlates of sleep quality,
internet addiction and depressive symptoms among stu-
dents. We categorized castes into two groups ‘Brahmin/
Chhetri’ and ‘Others’. This grouping was based on the
differential social rank allocated traditionally to different
castes based on their dominancy in Nepalese societies
[16]. We grouped students based on their use of tobacco
and alcoholic beverages in past 30 days. Students who
had consumed a tobacco product at least once (either
smoking or chewing) were defined as tobacco users. Simi-
larly, alcohol users were defined as students who had con-
sumed any alcoholic beverage at least once. Students’
sexual activity was recorded as ‘sexually active’ and ‘sexu-
ally inactive’. Students who had at least one event of pene-
trative sexual activity within the previous 30 days of data
collection were categorized as sexually active. To assess
academic performance of the students, outcome of board
examination in the previous year was recorded: those who
have succeeded were grouped as ‘Passed’ and others were
grouped as ‘Failed’.
Sleep quality
Students’ sleep quality was assessed using Pittsburgh
Sleep Quality Index (PSQI). PSQI is a 19-item tool that
evaluates sleep quality over a period of one month. PSQI
score can range from 0 to 21, in which a greater score
suggests poor sleep quality. We used PSQI global score
greater than 5, which had sensitivity of 89.6% and specifi-
city of 86.5% [17], to determine if the student met criteria
for poor sleep quality. On the other hand, PSQI score in
continuous scale was used for the mediation analysis. The
internal consistency of PSQI in the current study was low
(Cronbach’s α = 0.610).
Internet addiction
Internet addiction of the undergraduate students was
assessed using Young’s 20-item Internet Addiction Test
(IAT). Score for individual item of IAT can range from 1
(rarely) to 5 (always). Composite score for IAT can range
from 20 to 100 where a greater score is indicative of
greater internet addiction. IAT score greater than or equal
to 40, as suggested previously [18], was used to determine
if the student met the criteria for internet addiction. In the
mediational model, IAT score in continuous scale was used
instead. Internal consistency of IAT in this study popula-
tion was excellent (Cronbach’s α = 0.834).
Depressive symptoms
Depressive symptoms were assessed by nine-item scale,
Patient Health Questionnaire-9 (PHQ-9). Score for each
item of PHQ-9 ranges from 0 (not at all) to 3 (almost
every day) based on the frequency of symptoms experi-
enced. The total score ranges from 0 to 27, greater score
reflecting more frequent and higher number of depres-
sive symptoms. PHQ-9 score of greater than or equal to
10, that had sensitivity of 88% and specificity of 88%
[19], was used to determine if the student met criteria
for depression. For the mediation analysis, we used the
PHQ-9 score in continuous scale instead. The Cron-
bach’s α for PHQ-9 in this study population was 0.809.
Statistical analysis
We collected data from 984 undergraduate students, re-
moved 47 questionnaires with 5% or more fields (three
fields or more) missing, yielding only 937 questionnaires
for statistical analysis. Missing fields, if any, for these
937 questionnaires were replaced by the median value
for that particular variable.
To establish correlates, we entered all the variables
into three separate multivariable linear regression models;
one each for sleep quality, internet addiction and depres-
sive symptoms. Bootstrap models with 5000 replications
were employed to calculate stable estimates of correlates.
For the best test of mediation effect, non- parametric
bootstrap approach, which is not based on the assump-
tion of normal distribution [20], was used. Bootstrap ap-
proach provides an estimate of indirect effect, tests
whether the effect is statistically significant and also de-
termines the confidence interval for the point estimate,
which tends to supplement the limitations of causal
steps approach. This approach suggests that the mediation
effect is significant if the bias accelerated and corrected
(BCa) confidence intervals do not include a zero. Add-
itionally, it is advised to consider potential mediator-
outcome confounders while running mediational models
to account for potential interaction of confounding vari-
ables [21]. So, we first ran an unadjusted mediational
model with the exposure, mediator and outcome variable.
Second, we re-ran the mediational model adjusting for
socio-demographics. Third, we added behavioral vari-
ables as covariates into the mediational model. Finally,
we ran the mediational model adjusting for all socio-
demographics, behavioral variables and educational var-
iables. We derived coefficients of effects and their BCa
95% confidence intervals from 5000 random bootstrap
samples. All the analyses were carried out in IBM SPSS
Statistics 20. PROCESS macro was used for the media-
tional analyses.
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Ethics
The study protocol was approved by Nepal Health Re-
search Council (Ref No. 196, 2015). Study objectives were
explained to students and their written informed consent
was obtained prior to the data collection. None of the stu-
dents denied participating after being approached for con-
sent. After data collection, a ten minutes informative
session on symptoms of poor sleep quality, internet addic-
tion and depression was conducted. Students were sug-
gested to visit the nearby health centre for further clinical
consultation if they had many of those symptoms.
Results
This study comprised 937 undergraduate students (mean
age: 21.01 ± 2.18 years, 54.6% female). Majority of the
students were Hindu (92.2%) and Brahmin/Chhetri
(70.7%). Most of the students studied in private campus
(54.5%), attended morning shift of class (59.3%), were
unemployed (85.2%) and had passed board examination
of previous year (90.7%). Percentage of students using
tobacco was 9.1% and that who consumed alcohol was
19.1%. Similarly, 20.9% of the students were sexually
active.
Prevalence of poor sleep quality, internet addiction and
depressive symptoms, and their correlates
For PSQI, the mean score was 4.91 (SD: 2.40) and the
students’ minimum score was 0 while the maximum score
was 15. The mean score for IAT was 37.12 (SD: 8.48) with
the students’ score ranging from minimum of 20 and
maximum of 89. The mean score for PHQ-9 was 6.80
(SD: 4.22) with the students’ minimum score of 0 and
maximum score of 25. The proportion of students
meeting criteria for both poor sleep quality (PSQI > 5)
and internet addiction (IAT ≥ 40) were 35.4%. Similarly,
21.2% of the students met criteria for depression
(PHQ-9 ≥ 10). Students having at least one of the three
conditions (poor sleep quality, internet addiction or de-
pression) constituted 55.6% and those with all of the
three conditions were 10.1%.
The results from multivariable linear regression models
of the relationship of students’ characteristics with sleep
quality, internet addiction and depressive symptoms are ta-
bled in Table 1. Overall, students' higher age was associated
with better sleep quality (b = −0.089; BCa 95% CI = −0.164,
−0.008; p < 0.05). Although no significant relation between
students' tobacco use and sleep quality was found, stu-
dents who were alcohol users had better sleep quality
(b = −0.777; BCa 95% CI = −1.272, −0.301; p < 0.05). In
comparison to Hindu group, Non-Hindu students had
better sleep quality (b = −0.499; BCa 95% CI = −0.997,
−0.002; p < 0.05). Student’s sexual activity was observed
to be associated with sleep quality; in comparison to sexu-
ally inactive students, sexually active students had poorer
sleep quality (b = 0.514; BCa 95% CI = 0.097, 0.940;
p < 0.05). Students who reported to having passed in their
previous year’s board examination had better sleep quality
(b = −1.026; BCa 95% CI = −1.627, −0.414; p < 0.05).
Both having higher age (b = −0.476; BCa 95% CI = −0.773,
−0.183; p < 0.05) and being female (b = −2.362; BCa
95% CI = −3.530, −1.267; p < 0.05) were associated with
lower internet addiction. Sexually active students, in
Table 1 Multivariable linear regression models of students’ characteristics with sleep quality, internet addiction and depressive
symptoms
Characteristics Sleep quality Internet addiction Depressive symptoms
b BCa 95% CI b BCa 95% CI b BCa 95% CI
Age −0.089 −0.164, −0.008 −0.476 −0.773, −0.183 −0.145 −0.275, −0.024
Sex (reference: male) −0.191 −0.537, 0.148 −2.362 −3.530, −1.267 0.471 −0.139, 1.099
Caste (reference: Brahmin/Chhetri) 0.253 −0.077, 0.609 −0.017 −1.337, 1.339 0.347 −0.255, 0.949
Religion (reference: Hindu) −0.499 −0.997, −0.002 −0.205 −2.448, 2.096 −0.186 −1.127, 0.770
Marital status (reference: married) −0.205 −1.315, 0.843 0.159 −4.123, 4.173 1.143 −0.338, 2.561
Family size 0.017 −0.057, 0.092 −0.072 −0.297, 0.167 −0.102 −0.213, 0.017
Employment status (reference: employed) −0.315 −0.763, 0.111 0.216 −1.240, 1.618 −0.631 −1.476, 0.210
Tobacco use (reference: users) 0.362 −0.387, 1.100 0.618 −1.830, 3.192 −0.546 −1.701, 0.607
Alcohol use (reference: users) −0.777 −1.272, −0.301 −1.050 −2.811, 0.688 −0.478 −1.305, 0.328
Sexual activity (reference: sexually inactive) 0.514 0.097, 0.940 2.099 0.510, 3.700 1.187 0.384, 1.994
Academic performance in previous year (reference: failed) −1.026 −1.627, −0.414 −2.431 −4.213, −0.751 −2.041 −3.125, −0.963
Study year −0.123 −0.277, 0.031 0.053 −0.479, 0.584 −0.336 −0.586, −0.078
Campus type (reference: public) −0.039 −0.355, 0.282 1.342 0.192, 2.459 −0.183 −0.739, 0.359
Study shift (reference: morning) −0.189 −0.524, 0.143 1.864 0.602, 3.072 0.255 −0.281, 0.799
Statistically significant associations are highlighted in bold
b: unstandardized coefficient; BCa: Bias corrected and accelerated: 5000 bootstrap samples
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comparison to those sexually inactive, had higher internet
addiction (b = 2.099; BCa 95% CI = 0.510, 3.700; p < 0.05).
Having passed the previous year’s board examination was
associated with lower internet addiction (b = −2.431; BCa
95% CI = −4.213, −0.751; p < 0.05). Similarly, students
who studied in a private campus (b = 1.342; BCa
95% CI = 0.192, 2.459; p < 0.05) and those who studied in
a day shift (b = 1.864; BCa 95% CI = 0.602, 3.072;
p < 0.05) had higher rates of internet addiction.
Higher age was associated with lower depressive symp-
toms in students (b = −0.145; BCa 95% CI = −0.275,
−0.024; p < 0.05). Higher rate of depressive symptoms
was observed in sexually active students (b = 1.187; BCa
95% CI = 0.384, 1.994; p < 0.05). Students who had
passed their previous board examination had lower de-
pressive symptoms than their counterparts who had
failed (b = −2.041; BCa 95% CI = −3.125, −0.963;
p < 0.05). Interestingly, with greater number of years of
undergraduate study, depressive symptoms became lower
(b = −0.336; BCa 95% CI = −0.586, −0.078; p < 0.05).
Mediation of association between sleep quality and
depressive symptoms by internet addiction
Table 2 presents the findings from mediational analysis
with internet addiction as the mediator. The unadjusted
model, Model 1 suggested that 16.9% of the indirect ef-
fect of sleep quality on depressive symptoms was statisti-
cally mediated by internet addiction in students. In
Model 2, after entering socio-demographics as covariates
into the mediational model, the proportion of indirect
effect mediated via internet addiction dropped down to
16.8%. Further, when we added behavior-related vari-
ables as covariates in Model 3, the proportion of indirect
effect mediated by internet addiction was further re-
duced to 16.4%. In the final model, Model 4, we added
education-related variables to existing covariates. Inter-
net addiction mediated 16.5% of the indirect effect of
sleep quality on depressive symptoms in this final model.
In all of the four mediational models, mediation of asso-
ciation between sleep quality and depressive symptoms
by internet addiction was statistically significant.
Mediation of association between internet addiction and
depressive symptoms by sleep quality
Findings from the mediational analysis with internet ad-
diction as the mediator is presented in Table 3. In the un-
adjusted model i.e. Model 1, the proportion of indirect
effect of internet addiction on depressive symptoms medi-
ated by sleep quality was 33.0%. This proportion dropped
down to 32.0% in Model 2 when sociodemographics were
entered into the model. After adding behavior-related var-
iables into the mediation model, the proportion of indirect
effect on depressive symptoms mediated by sleep quality
dropped down to 31.1%. Finally, after adding education-
related variables to the model, sleep quality mediated
30.9% of the indirect effect of internet addiction on de-
pressive symptoms. Mediation of association between
internet addiction and depressive symptoms via sleep
quality was statistically significant in all the four models.
Discussion
We found that a high percentage of undergraduate stu-
dents met criteria for internet addiction, poor sleep
quality and depression- more than half of the students
had at least one of these problems. We explored the differ-
ential effects of poor sleep quality and internet addiction
on depressive symptoms. In our study, on one hand, inter-
net addiction independently mediated 16.5% of the indir-
ect effect of sleep quality on depressive symptoms while
on the other hand, sleep quality independently mediated
30.9% of the indirect effect of internet addiction on de-
pressive symptoms. This suggests that it is not entirely
sleep quality or internet addiction per se that increases
risk of depressive symptoms but a battery of predictors in-
cluding internet addition and sleep quality that affects de-
pressive symptoms. Sleep quality mediated a greater
Table 2 Effect estimates of effects of sleep quality on depressive symptoms in undergraduate students mediated via internet
addiction
Model 1 Model 2 Model 3 Model 4
b (SE) BCa 95% CI b (SE) BCa 95% CI b (SE) BCa 95% CI b (SE) BCa 95% CI
Indirect effect 0.146 (0.024) 0.103, 0.197 0.145 (0.024) 0.103, 0.198 0.140 (0.024) 0.098, 0.192 0.138 (0.025) 0.096, 0.192
Direct effect 0.717 (0.051) 0.617, 0.817 0.720 (0.051) 0.620, 0.820 0.713 (0.051) 0.613, 0.814 0.697 (0.052) 0.596, 0.798
Total effect 0.863 (0.051) 0.764, 0.962 0.865 (0.051) 0.765, 0.965 0.853 (0.051) 0.753, 0.954 0.835 (0.051) 0.735, 0.936
Proportion of total effect mediated 0.169 0.168 0.164 0.165
Ratio of indirect to direct effect 0.204 0.201 0.196 0.198
Model 1: unadjusted mediational model
Model 2: adjusted for sociodemographics (age, sex, caste, religion, marital status, family size, employment status)
Model 3: adjusted for sociodemographics + behavioral variables (tobacco use, alcohol use, sexual activity)
Model 4: adjusted for sociodemographics + behavioral variables + educational variables (class hours, academic year, campus type, academic performance in
previous year)
b: unstandardized coefficient; BCa, Bias corrected and accelerated: 5000 bootstrap samples
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proportion of the indirect effect on depressive symptoms in
comparison to the internet addiction. This finding is in con-
trast to what Cheung and Wong found where internet ad-
diction accounted for larger association between sleep
quality and depressive symptoms [12]. This contrasting find-
ing is interesting to explore further in relation to the target
population, and geographical and technological landscape.
Our study confirms a huge proportion of undergraduate
students (one in three) meeting criteria for poor sleep qual-
ity. This can be attributed to the change in sleep pattern in
the study years; physiological need of sleep does not com-
mensurate with the sleep quality during this period [22].
Moreover, societal and academic demands perturb their
sleep habit making them more prone to develop poor sleep
quality [11]. Our study quantified the prevalence of internet
addiction in Nepalese undergraduate students showing that
a large proportion of them (35.5%) indulge into internet ad-
diction. Younger generations, whether it may be for recre-
ation, communication or academic purpose, are more
vulnerable to internet addiction [23, 24].
Co-morbidity of poor sleep quality, depressive symptoms
and other psychosomatic symptoms with internet addiction
is proven with ubiquitous evidences [23, 24]. General stud-
ies suggest that older age, physical inactivity, smoking, and
alcohol consumption are associated with poor sleep quality;
loneliness, personality and lack of social support with inter-
net addiction; and less social support, physical inactivity,
physical and sexual abuse, and life stress with depressive
symptoms. Romano and colleagues observed that brief ex-
posure to internet for fifteen minutes was associated with
depressive symptoms [25]. The factors that predict depres-
sive symptoms among university students might be differ-
ent because of their exposure to different circumstances.
Our study revealed that higher age was significantly associ-
ated with poor sleep quality and depressive symptoms,
while inverse relation was found between age and internet
addiction. Sexual activeness and poor academic perform-
ance were associated with poor sleep quality, internet addic-
tion and depressive symptoms. Better sleep quality found
among alcohol users was an interesting result of this study.
Contemporary literature suggests that sleep problems are
frequent among alcohol users [26]. So, this observation
needs to be specifically studied in relation to operationaliza-
tion and conceptualization.
We have multiple explanations for the ways internet
addiction may contribute to depressive symptoms. Stu-
dents may spend extended hours in social networking
sites potentially harming their education. This explan-
ation is supported by previous studies linking internet
addiction with reduced academic performance [27]. Al-
ternatively, internet addiction isolates students from social
company and forces to seek a company in the virtual
world instead. In a long run, they end up losing their real-
life social connection [27], which is a crucial trigger in the
development of depressive symptoms.
The mediation of the association between internet ad-
diction and depressive symptoms also appears plaus-
ible in light of the available evidences. Students who are
internet addicts might spend a considerable amount of
their time surfing internet which potentially affects their
sleep-wake schedule and develop sleep disturbances in-
cluding insomnia [28]. This consequently leads to devel-
opment of depressive symptoms as many previous
studies have shown [29]. Despite assumptions, the defin-
ite causal pathway to depressive symptoms still remains
hard to assess.
The findings from this study revealsmore on the prevalence
of psychological/behavioral co-morbidities in undergraduate
students with depressive symptoms. Co-occurrence of poor
sleep quality, internet addiction and depressive symptoms in
undergraduate students suggests that control over internet
addiction in students with poor sleep quality may be also
beneficial to compensate for the higher likelihood of bearing
depressive symptoms. Also, strategies to address poor sleep
quality among internet addicts might be helpful to curb the
pathway to depressive symptoms to some extent. Recently,
a randomized controlled trial suggested that internet-
based cognitive behavior therapy targeting insomnia was
Table 3 Effect estimates of effects of internet addiction on depressive symptoms in undergraduate students mediated via sleep quality
Model 1 Model 2 Model 3 Model 4
b (SE) BCa 95% CI b (SE) BCa 95% CI b (SE) BCa 95% CI b (SE) BCa 95% CI
Indirect effect 0.064 (0.008) 0.049, 0.081 0.063 (0.008) 0.048, 0.080 0.060 (0.008) 0.046, 0.078 0.059 (0.008) 0.044, 0.076
Direct effect 0.130 (0.014) 0.101, 0.158 0.134 (0.015) 0.106, 0.163 0.133 (0.015) 0.104, 0.161 0.132 (0.015) 0.103, 0.161
Total effect 0.194 (0.015) 0.164, 0.223 0.197 (0.015) 0.167, 0.227 0.193 (0.015) 0.163, 0.223 0.191 (0.015) 0.161, 0.221
Proportion of total effect mediated 0.330 0.320 0.311 0.309
Ratio of indirect to direct effect 0.493 0.469 0.453 0.446
Model 1: unadjusted mediational model
Model 2: adjusted for sociodemographics (age, sex, caste, religion, marital status, family size, employment status)
Model 3: adjusted for sociodemographics + behavioral variables (tobacco use, alcohol use, sexual activity)
Model 4: adjusted for sociodemographics + behavioral variables + educational variables (class hours, academic year, campus type, academic performance in
previous year)
b: unstandardized coefficient; BCa, Bias corrected and accelerated: 5000 bootstrap samples
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effective to reduce depressive symptoms [30]. Since the
findings from our study suggest that internet addiction is
co-prevalent in undergraduate students with depressive
symptoms, it indicates the prospect of designing effective,
tailored interventions to combat depressive symptoms
alongside internet addiction in undergraduate students.
On one hand, poor sleep quality escalates internet ad-
diction while on the other hand, it controls academic
performance. In our study we found, academic perform-
ance in previous year was associated with sleep quality,
internet addiction and depressive symptoms. So, to stem
the burden of depressive symptoms among undergradu-
ate students, educational institution can play a vital role.
Adjusting class hours, considering physiological need for
sleep, can be a good approach. Sensitizing students about
negative effects of internet addiction and encouraging
them to use it for productive purpose is deemed
necessary.
Internal consistency of IAT and PHQ-9 in this study
was high while that of PSQI was low (Cronbach’s
α = 0.61). Omission of any PSQI component score did
not result in a substantial increment of the alpha value.
Globally, PSQI is reported to have good, though not
ideal, Cronbach’s α [31]. However, this is not the first
study to document poor Cronbach’s α of PSQI. Low
Cronbach’s α of PSQI was also observed in previous
studies assessing sleep quality in people with chronic fa-
tigue syndrome [32], adults aged 18–59 years [33], and
older men aged 65 years or more [34]. Contextualization
of questionnaire items and validation of Nepali version
of PSQI seems necessary if it is to be used to assess sleep
quality in Nepali population in the future.
However, the findings of this study can be interpreted
in the light of study limitations. The risk behaviors and
their association being studied cross-sectionally, it is im-
possible to infer directionality in the relationship among
internet addiction, sleep quality and depressive symp-
toms; whether depressive symptoms is secondary to
internet addiction and sleep quality, or it predicts the
other two. Alternatively, sleep problem could serve as out-
come of internet addiction and depressive symptoms the-
oretically. These pathways have not been tested in this
study considering the study objectives. Recently, Tan and
colleagues explored these pathways in which they ob-
served that internet addiction and depressive symptoms
both had ‘partially mediating effect’ on sleep quality [35].
Longitudinal in-depth analysis in future studies, where
the predictor and mediator are measured ahead of
outcome variable of interest, will provide a more ro-
bust evidence of the pathway in development of de-
pressive symptoms in students. Similarly, due to the
use of self-administered questionnaire, the study
might have suffered from social desirability bias i.e.
students’ responses may have been influenced by
what they consider is socially acceptable, instead of
providing actual practices. Likewise, information on stu-
dents’ socioeconomic status, media use, physical inactivity,
anxiety, medication use was not recorded in this study.
These variables are still likely to be associated with sleep
quality, internet addiction and depressive symptoms. Fu-
ture studies among undergraduates from Nepal should
consider exploring their association with sleep quality,
internet addiction and depressive symptoms, and ex-
ploring if including them as covariates makes a signifi-
cant change in the mediation models tested in this
study.
Conclusions
Our study documents a high prevalence of poor sleep qual-
ity, internet addiction and depression in undergraduate
students from Nepal. Furthermore, the findings suggest
that the association between sleep quality and depressive
symptoms is statistically mediated by internet addiction.
Similarly, the association between internet addiction and
depressive symptoms is also statistically mediated by sleep
quality. How the mediation occurs should be explored in
future researches using larger longitudinal designs with
sufficient follow up across populations. The findings sug-
gest that sleep quality and internet addiction should also be
assessed during counseling sessions for depressive symp-
toms among undergraduate students.
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